The accurate identification of genetic partitioning is of primarily importance when devising conservation management strategies for today's marine resources. The great variety of genetic structure displayed by demersal species underscores the need for the identification of common patterns that can be found across species. Here, we analyse allele frequency variation at 10 microsatellite loci of two congener demersal fish, the red mullet (Mullus barbatus) and the striped red mullet (Mullus surmuletus), from the Atlantic Ocean and the Mediterranean Sea. The results indicate that two different gene flow patterns exist between these species. The red mullet's genetic distribution was found to be highly structured, resembling that of a metapopulation composed by independent, self-recruiting subpopulations with some connections between them. The striped red mullet displayed less genetic heterogeneity within the Mediterranean Sea and a substantial gene flow reduction between the Atlantic Ocean and Mediterranean Sea. Our results indicate that gene flow patterns in the demersal environment can be substantially different between closely related species with highly comparable biology, suggesting that biogeographic boundaries can affect demersal species in a different way despite common ecological features and spatial overlap. We conclude that the delimitation of such boundaries could be determined by the fine differences in life history traits between species.
Introduction
The accurate identification of population genetic subdivision is of primarily importance when devising conservation management strategies for today's marine resources. Population genetic studies are increasingly being used for population structure assessment of economically important species, providing valuable information towards their management and conservation (Cimmaruta et al. 2005 ). However, obtaining an accurate assessment of genetic structure patterns in the marine environment remains a difficult task. For marine species, the absence of obvious barriers to adult dispersal commonly allows individuals to intermix throughout the species range. In addition, physical processes such as winds and currents may favour passive transport of early-life stages, such as eggs and larvae, away from their spawning location (Botsford et al. 2001; Richards et al. 2007; Underwood et al. 2007 ). These possibilities of high connectivity among marine populations may greatly reduce structuring by homogenizing gene pools within relatively large areas. However, mounting evidence shows that small-scale genetic structuring is a common phenomenon even for highly mobile species with long larval phases, such as Atlantic cod (Gadus morhua) and Atlantic herring (Clupea harengus) (Knutsen et al. 2003; Jørgensen et al. 2005) . Structured populations within a particular area may possess independent demographic parameters such as recruitment, mortalities, and abundances. Hence, they should be monitored as independent breeding units or stocks towards conservation management purposes.
Genetic subdivision of a particular species results from a substantial reduction of gene flow. The Mediterranean Sea consists of two partly isolated basins (western and eastern) connected by the Strait of Sicily and the narrow Strait of Messina (Cuttitta et al. 2004 ). The two basins differ in their oceanography, particularly in their thermal structures, salinity profiles, and circulation regimes (Millot 1999) . The western Mediterranean Sea is an interesting geographical area characterized by a particular geomorphology and associated oceanography, mostly conditioned by the inflow of the North Atlantic Central Water (NACW) through the Strait of Gibraltar ( Fig. 1) (Salat 1996; Millot 2005) . The NACW enters continuously near the surface, and its encounter with higher density Mediterranean water generates two oceanographic fronts, separated by~600 km. The first front (Almeria-Oran Front, AOF), situated~400 km east from the Strait of Gibraltar, is very strong, being nearly permanent through the year, and with differences in density of 1.5 s t between water masses (Tintoré et al. 1988) . After this first front, the original characteristics of the NACW are progressively modified, increasing its salinity, into a mass usually called modified Atlantic waters (MAW). These waters reach the northwestern Mediterranean basin through the Spanish coast and are deflected eastward by the cyclonic circulation around the Balearic Islands, forming a welldefined second density front. This second front (Balearic Front, BF) is weaker, with only differences of 0.5 s t between water masses and where dynamic processes are not constant through the year (Fig. 1) . The MAW also reaches the islands of Corse and Sardinia. The overall MAW is also distributed along the Algerian coast, closely linked to the topography, crossing the Channel of Sicily to the Gulf of Sirta, the Italian peninsula, and around the whole eastern basin (Millot 2005) . Before the entry of the Atlantic waters throughout the Strait of Gibraltar, the NACW recirculates near the Strait, in front of Cape Trafalgar, towards the northwest along the coast of Cadiz ). This area is also influenced by the intense tidal current regime of the Strait of Gibraltar and the strong topographic interaction between the swift alongshore tidal flow and a submerged ridge running perpendicular to the shoreline Ruiz and Garcia-Lafuente 2006) . These processes originate persistently as a patch of cold water that can also affect the connectivity between populations at both sides of the Strait of Gibraltar. However, this relationship is not well studied.
Within the Mediterranean Sea, genetic differentiation at the geographical level has been reported for several taxa at particular areas. Numerous studies based on genetic markers have provided evidence for a genetic break between the Mediterranean and the Atlantic Ocean for marine species such as swordfish (Xiphias gladius; Kotoulas et al. 1995) , Zane et al. 2000) , marine sponges (Crambe crambe; Duran et al. 2004) , and sea stars (Asterina gibbosa, Astropecten aranciacus) (Baus et al. 2005) . The AOF has been identified as the phylogeographical break between the Mediterranean Sea and the Atlantic Ocean associated with this front rather than with the Strait of Gibraltar mentioned above (Patarnello et al. 2007 ). Furthermore, the BF is also the origin of genetic subdivision in fish populations (Galarza et al. 2009 ). Regions such as the Sardinian channel and the Aegean Sea are also suggested as biogeographic boundaries for European anchovy (Engraulis encrasicolus) and gilthead seabream (Sparus aurata) populations (Borsa 2002; De Innocentiis et al. 2004 ). The Siculo-Tunisian strait has been reported to be the cause of genetic subdivision for poor cod (Trisopterus minutus capelanus) and Atlantic mackerel (Scomber scombrus) populations form eastern and western Mediterranean basins (Mattiangeli et al. 2004) . However, some studies have also provided evidence of extensive gene flow occurring between Mediterranean and Atlantic basins for loggerhead sea turtle (Caretta caretta), Pacific chub mackerel (Scomber japonicus), and Norway lobster (Nephrops norvegicus) populations (Stamatis et al. 2004; Zardoya et al. 2004 ). In addition, contradictory results have also been reported for closely related species within this area by Bargelloni et al. (2003) , who analysed genetic variation at nuclear and mitochondrial loci in five species belonging to the Sparidae family. The results provided evidence for a genetic break between the Mediterranean Sea and the Atlantic Ocean for only two species of the five investigated. Furthermore, intense debate still exists about genetic differences in populations of bluefin tuna (Thunnus thynnus thynnus) between these two basins (e.g., Broughton and Gold 1997; Pujolar et al. 2003; Viñas et al. 2003) .
These discrepancies, as well as the limited understanding about (i) the role of the two oceanographic fronts (AOF and BF), (ii) the recirculation processes before the entry of the Atlantic waters throughout the Strait of Gibraltar, and (iii) the oceanographic differences between eastern and western Mediterranean basins, on the connectivity among populations strongly recommend additional studies on the population structure of the Mediterranean species. The Mediterranean Sea is considered as one ''hot spot'' in marine biodiversity (Macpherson 2002) , with many fish populations close to collapse (Lleonart and Maynou 2003) . Therefore, the great variety of population structure patterns displayed by demersal fish underscores the need for the identification of common gene flow patterns that can be found at the largest possible geographical extent. Common structuring patterns can be expected between closely related, ecologically similar, and co-occurring species. Here we compare spatial allele-genotype frequency variation at 10 microsatellite loci of two co-occurring demersal fish, the red mullet (Mullus barbatus) and its congener, the striped red mullet (Mullus surmuletus), from the Atlantic Ocean and the Mediterranean Sea.
The red mullet and striped red mullet are two of the main targets of the bottom trawl multispecies fishery in the Mediterranean Sea (Stergiou et al. 1997 ). Both species are frequently fished simultaneously with European hake (Merluccius merluccius) by trawlers and a range of other small-scale fishing vessels using a variety of gears (Martin et al. 1999) . The red mullet is now considered as overexploited or fully exploited throughout the Mediterranean, but no reliable assessments are currently available for the striped red mullet (Food and Agriculture Organisation of the United Nations 2005). Because of their highly similar morphology (particularly during the juvenile stages), both species are frequently sold as a single species in local markets throughout the Mediterranean. The adults of the two species are, however, clearly differentiated by the profile of the head and the length of the barbels (Hureau 1986 ). Despite their high economic value, most genetic studies have focused on taxonomical and intraspecific relationships (Mamuris et al. 1998a (Mamuris et al. , 1999a (Mamuris et al. , 1999b , whereas only a few population genetic studies have been performed within a small portion of their distribution ranges showing the existence of structured populations of both species along some localities of the coasts of France and Greece (Mamuris et al. 1998b; Garoia et al. 2004 ). The small portion of the geographic distribution considered in these studies avoids the comparison of the population structure of these species and the oceanographic processes occurring in the Mediterranean Sea and adjacent Atlantic waters that might influence their genetic structure. Both mullets co-occur over muddy and rocky substrates along the littoral zone and display pelagic eggs and larvae (Hureau 1986; Sabatés 1990 ). The duration of the pelagic stage has only been documented for the striped red mullet (approximately 25-35 days; Macpherson and Raventos 2006) . Nonetheless, the pelagic stage duration of the red mullet has been observed to be approximately the same length as that of the striped red mullet (E. Macpherson, personal observation). Both species are found at depths of less than 100 m and there is no evidence of adult migratory behaviour in any of the species (Hureau 1986; Ö zbilgin et al. 2004 ). However, this last point is not well studied. Our general objective is to compare the genetic structuring of these closely related and ecologically similar species across a range of common environmental conditions. Our specific aims are to (i) test if different structuring patterns exist within the Mediterranean Sea between the two species and (ii) test for differences between Atlantic and Mediterranean striped red mullet samples. The results are discussed in relation to environmental features of the Mediterranean Sea and in terms of conservation and management of the current stocks of these species.
Materials and methods

Sample collection
During the period of 2003-2005, a total of 222 red mullet (M. barbatus) and 212 striped red mullet (M. surmuletus) adult individuals were collected in nine locations within the Mediterranean Sea. An additional 78 striped red mullet adult individuals were obtained from two locations from the Atlantic Ocean in the same period (Fig. 1) . No Atlantic samples could be collected for red mullet. Numbers of individuals per sampling location and species are listed (Table 1) . Individuals were obtained from commercial trawls as well as through local fisherman and by scuba diving. Microsatellite data analysis DNA extractions were performed from pectoral fin and barbel tissue following HotSHOT protocol (Truett et al. 2000) . Ten dinucleotide microsatellite loci originally isolated from the red mullet were successfully amplified by polymerase chain reaction as described in (Galarza et al. 2007) . Amplified products were resolved on an ABI3100 Genetic Analyzer (Applied Biosystems). Allele scoring was carried out using GeneMapper v. 3.5 software (Applied Biosystems, Foster City, California). The total number of alleles per locus and sample was obtained using GENETIX v. 4.01 (Belkhir et al. 1997 ). The program FSTAT v. 2.9.3 (Goudet 1995) was used to determine allelic richness, which quantifies the number of alleles independently of sample size. Observed and expected heterozygosities were calculated using the software package Arlequin v. 2.0 (Schneider et al. 2000) . Deviations from Hardy-Weinberg expectations (HWE) were estimated according to the level of significance determined by means of 10 000 Markov chain Monte Carlo (MCMC) iterations using GENEPOP v. 3.4 (Raymond and Rousset 1995) . To correct for possible type I errors when performing multiple tests, we employed a false discovery rate (FDR) approach (Benjamini and Hochberg 1995; Verhoeven et al. 2005) . The FDR can be viewed as the fraction of false positives among all tests that are declared significant. For example, setting an FDR of 5% means that (on average) 5% of the tests declared significant are actually false positives.
Within-species population structure
For each species, the null hypothesis of nondifferentiation of allelic and genotypic distributions across all sample pairs (geographic locations) within the sampling area was tested. Significance of both tests was obtained by 10 000 iterations executed in GENEPOP v. 3.4 (Raymond and Rousset 1995) . To estimate the overall effects of gene flow among samples, pairwise F ST values and their estimated probabilities were calculated by 10 000 permutations using GENETIX v. 4.01 according to Weir and Cockerham (1984) . The alternative hypothesis of significant genetic differentiation was accepted if the probability was equal or less than 0.05. FDR corrections were applied for multiple tests (Verhoeven et al. 2005) . Finally, the software MSAnalyzer v. 2.39 (Dieringer and Schlötterer 2003) was used to compute Nei's standard genetic distance (D) among population samples. A multidimensional scaling (MDS) analysis of D was performed to examine the population's genetic relationships on a twodimensional plane using MATLAB v. 7.0 (The MathWorks Inc., Natick, Massachusetts).
M. barbatus vs. M. surmuletus population structure
We compared the genetic distribution patterns of both species by two different approaches. For these tests, only Mediterranean populations were included. First, we compared the pattern of genetic divergence over geographical distance of both species through a genetic spatial autocorrelation analysis using GENALEX v. 6 (Peakall and Smouse 2006) . The autocorrelation coefficient (r) provides a measure of the genetic similarity between pairs of individuals whose geographic separation falls within a given distance class (Smouse and Peakall 1999) . We set an increment of 500 km for each class and included only those individuals of both species sampled at the same geographic locations. Thus, comparisons between species over the same geographical distance are examined. Statistical significance for the null hypothesis of no significant autocorrelation was determined by creating 95% confidence intervals around r values through 999 random permutations. If the calculated r value falls outside these confidence intervals, then individuals in that class are more similar than would be expected by chance. Likewise, the first intercept of the r value with the x axis represents the largest geographic distance at which individuals become genetically independent. This distance has been interpreted as the average distance of gene flow per generation (Sokal and Wartenberg 1983) , often referred to as neighborhood or genetic patch size (Peakall et al. 2003; Palumbi 2004; Laikre et al. 2005 ; but see below). Second, we compared the overall level of structuring between the species by analyzing the number of significant F ST pairwise comparisons across all loci. Here, we tested for differences in the distribution of significant pairwise F ST counts displayed by each species at each locus. Statistical significance for the differences between count's distributions was attained through a Wilcoxon t test.
Results
Microsatellite variability
The total number of alleles per locus ranged from 2 to 27 in red mullet (M. barbatus) and from 2 to 21 in striped red mullet (M. surmuletus) ( Table 1) . Expected heterozygosity and overall genetic variability as judged by allelic richness were slightly higher in red mullet than in striped red mullet (Table 1) . We found no evidence of linkage disequilibrium between locus pairs. Significant deviations from HWE within sampling locations were observed in both species. Out of 140 tests performed across species, 14 remained significant after FDR correction. For both species, the totality of significant departures occurred in locus Mb14 across all sampling locations (Table 1) . This is most likely due to technical causes such as mis-scoring or poor amplification. Therefore, locus Mb14 was removed from subsequent analysis. Finally, because of the relatively low number of individuals and to avoid statistical sample-size artefacts, the two red mullet samples from Sicily (MbPO and MbSY, n = 15 for each) were not included in further analyses. However, F ST value for this population pair was highly significant (data not shown).
Within-species population structure
The exact tests for homogeneity of allelic and genotypic frequency distributions indicated that single discrete populations exist within the sampling area for both species. Both exact tests showed significant differences between all sample pairs (significant at P < 0.0001 after FDR correction), except for the Italian and Greek red mullet samples and for the Italian and the Spanish samples of Blanes and Cabo de Gata of the striped red mullet. Population pairwise F ST values were congruent with both exact tests. For the red mullet, differentiation was observed between all population pairwise comparisons performed except for the Italian and Greek samples ( Table 2 ). The majority of comparisons among the striped red mullet populations were also significantly different, the exceptions being those between the Spanish samples from Cabo de Gata and Blanes, but more surprisingly between those two samples and the sample from northwestern Italy (Table 2) . Furthermore, no significant differentiation was observed between the Atlantic striped red mullet samples form the Canary Islands and Conil (Table 2) .
MDS analysis showed a clear genetic grouping for striped red mullet, with the Atlantic populations of the Canary Islands and Conil forming one group and the majority of the Mediterranean population samples (Italy, Blanes, and Cabo de Gata) forming another. Interestingly, the population from Herradura clustered between these two groups. The Balearic population from Mallorca and the Greek population clustered separately from these groups as well as from each other (Fig. 2b) . A more complex pattern was observed for the red mullet, with high genetic similarity displayed between the geographically distant Italian and Greek populations. Unsurprisingly, the Turkish population was the most distinct, while Spanish populations of Blanes and Cabo de Gata clustered separately (Fig. 2a) .
M. barbatus vs. M. surmuletus population structure
Spatial autocorrelation analysis between pairs of individuals revealed a significant positive genetic autocorrelation at the 500 km distance class for red mullet and at the 500, 1000, 1500 km distance classes for the striped red mullet (P < 0.05). No other significant autocorrelation was found for the rest of spatial distance classes in either species (Fig. 3) . The level of genetic autocorrelation decreased sharply for the red mullet populations and more continuously for the striped red mullet as geographical distance increased. The correlogram curve first intercepted the x axis at 842 km for the red mullet, whereas for the striped red mullet it intercepted at 1723 km (Figs. 3a, 3b ). This suggests a genetic patch size of 500-1000 km for the red mullet and 1500-2000 km for the striped red mullet. It is important to note, however, that caution should be taken when interpreting this result. A single correlogram may not reflect accurately the true nonrandom spatial genetic pattern. The geographic distance at which the r value intercepts with the x axis largely depends on the extent of the genetic structure, the size of the distance class chosen, and the associated number of samples per distance class (Peakall and Smouse 2006) . However, in our case, it may be appropriate to interpret these results as evidence that gene flow primarily occurs over shorter geographical distances for the red mullet relative to the striped red mullet. Congruently, the t test revealed that significant differences exist between the species' distributions of significant pairwise F ST counts (P < 0.05).
Out of the 90 pairwise tests performed in each species across all loci, 58 were significant for the red mullet, whereas only 33 showed significant differences in the striped red mullet (Fig. 4) .
Discussion
Overall genetic diversity
In this study, a comprehensive genetic evaluation of the Mediterranean populations of red mullet (M. barbatus) and striped red mullet (M. surmuletus) was carried out covering a large fraction of the distribution ranges of these species. Our results showed high genetic variability in both species. These results are in line with previous genetic studies where large numbers of alleles per locus and high heterozygosity values have been found in both species using allozymes (Mamuris et al. 1998b; Mamuris et al. 1999b) , as well as using microsatellites in the red mullet (Garoia et al. 2004) . No previous microsatellite studies are available for the striped red mullet. Nonetheless, overall genetic variability values were nearly as high as those of red mullet, although this could also be due to the hypervariability of the loci analysed.
Within Mediterranean analysis
Our results showed two distinct patterns of genetic distribution within the Mediterranean, as well as a greater level of structuring in the red mullet. The spatial genetic autocorrelation analysis revealed a much shorter genetic patch size for the red mullet relative to the striped red mullet. Likewise, the red mullet displayed almost twice the number of significant F ST counts across loci over the same area. The differences in genetic distribution among the species can be easily illustrated by direct comparison of samples taken at the same localities. For example, the red mullet showed significant genetic differentiation across Cabo de GataBlanes-Italy comparisons, whereas the striped red mullet display genetic homogeny for the same comparisons. Furthermore, striped red mullet samples from Greece and Italy showed significant genetic differences, whereas the opposite was true for the red mullet. Below, we discuss possible causes and propose different hypotheses for such discordant genetic distribution patterns between these species.
The Cabo de Gata -Blanes-Italy samples are located along the Liguro-Provençal-Catalan (LPC) current, which follows a quasipermanent southwestern trajectory alongside the coasts of Italy, France, and Spain at a mean surface velocity of 0.35 mÁs -1 (Mounier et al. 2005 ). The LPC is one of the major current systems in the Mediterranean Sea. The core of the current extends from 25 to 45 km from the coast to a depth range between 400 and 650 m. (Conan and Millot 1995; Mounier et al. 2005) . The spawning area of both mullets lies well within such a current system. Therefore, considering the long pelagic stages of the species, it can be suggested that drifting eggs and larvae could potentially be transported along this current system, homogenizing neutral allele frequencies into a single gene pool within this region. This notion could help explain the lack of genetic differentiation observed for the striped red mullet. However, as mentioned above, direct observation has shown that earlylife history traits are highly similar in both species. Thus, the same pattern would be expected for the red mullet. This discordant result suggests that the species may differ in some trenchant, perhaps yet undetected life history trait(s) presumably developed at the juvenile or adult stage.
On the other hand, the finding that red mullet populations from Greece and Italy did not show any apparent differences between them (as opposite to striped red mullet) is puzzling considering that these locations are separated by more than 2100 km with no apparent surface circulation pattern interconnecting them. The Mediterranean's eastern and western basins are separated by the Strait of Sicily, also referred to as the Siculo-Tunisian Strait. Hydrographic measurements show that surface Atlantic water follows the African coast eastwards, entering the western basin through this strait to balance the water mass deficit due to evaporation (Alhammoud et al. 2005 ). This phenomenon is commonly identified as subsurface minimum of salinity between 30 and 200 m depth (Ozsoy et al. 1989) . Various studies have pointed at these peculiar oceanographic conditions taking place at the Siculo-Tunisian Strait as the main cause of limited gene flow between eastern and western Mediterranean basins. Populations of species such as sea bass (Dicentrarchus labrax), poor cod (Trisopterus minutus capelanus), Atlantic bluefin tuna (Thunnus thynnus thynnus), and Atlantic mackerel (Scomber scombrus) have all showed a clear genetic discontinuity between eastern and western basins (BahriSfar et al. 2000; Carlsson et al. 2004; Zardoya et al. 2004 ). These genetic differences, however, are not observed in other species such as European hake (Merluccius merluccius) and swordfish (Xiphias gladius) (Lundy et al. 1999; Pujolar et al. 2002) . Direct comparisons, however, cannot be precisely established with the above studies because of the use of different molecular markers and (or) sampling schemes. Furthermore, there are differences in life history traits between red mullet and those species, which include pelagic forms with schooling and homing behaviour. Nevertheless, Mamuris et al. (1998b Mamuris et al. ( , 1999b found a clear genetic subdivision pattern for red mullet populations between the eastern and western Mediterranean basins using enzymecoding loci and random amplified polymorphic DNA (RAPD). Two main hypotheses may be established to explain the results obtained in the present study. (i) The existence of nonsampled populations occurring along the Mediterranean coast of Italy assists in the exchange of migrants between these populations, thereby maintaining similar frequencies of neutral alleles. (ii) The populations were historically linked but currently are in the process of splitting. In any event, the fact that the transition zone reported at the Siculo-Tunisian Strait does not seem to be effective for red mullet, whereas apparently it holds true for striped red mullet, warrants further investigation.
The Atlantic-Mediterranean transition
A sharp genetic divide was detected when comparing striped red mullet samples originating from the Atlantic Ocean and samples originating from the Mediterranean Sea. This same pattern has been previously observed for other demersal species with Atlanto-Mediterranean distributions (Patarnello et al. 2007; Galarza et al. 2009 ). The Mediterranean Sea is connected to the Atlantic Ocean through the Strait of Gibraltar. As mentioned above, this strait has been hypothesized to represent the division between two biogeographic regions: the Northeast Atlantic and the Mediterranean (Quignard 1978) . In this area, a strong inflow transports less saline surface Atlantic waters into the Alboran Sea, creating an Atlantic domain within the Mediterranean and partially isolating the Alboran Sea from the other Mediterranean basins (Tintoré et al. 1988) . However, it is still uncertain whether this transition zone extends homogeneously throughout the Alboran Sea until the wellidentified biogeographic barrier at the AOF or if further subdivision occurs. Our sampling scheme for the striped red mullet included one location (Herradura) between the Strait of Gibraltar and the AOF and another (Conil) in Atlantic waters, near the Strait and separated by~170 km. The results show a clear genetic differentiation between the two localities, suggesting that the oceanographic processes occurring before the entry of the Atlantic waters throughout the Strait of Gibraltar also play an important role in the genetic structure of this species. The lack of structure between the two Atlantic localities (Canary Islands and Conil, separated by more than 1000 km) reinforces the relevance of the oceanographic dynamism around the Strait of Gibraltar.
At the Alboran Sea, the main circulation is characterized by two semipermanent, anticyclonic vortices that give rise to the western and eastern Alboran gyres (Viúdez et al. 1998 ). Here, nutrient-enriched water produced by upwelling and Atlantic inflow is recirculated before it propagates eastwards along the African coast ). This flow pattern may induce retention-concentration mechanisms of pelagic larvae within this enriched water. Hence, favorable conditions for eggs and larval development arise, promoting nearby recruitment by potentially retaining early life stages long enough to develop. Likewise, juvenile and adult individuals may also benefit from these retention-concentration mechanisms by encountering favorable foraging conditions in these highly productive waters, thus remaining within the area. Occasional adult dispersal and passive transport may occur from adjacent Atlantic and Mediterranean samples, although this may not be enough to prevent short-term genetic drift between Atlantic and Mediterranean populations. Furthermore, the present pattern of marine currents in the area seems to assist in maintaining this differentiation.
The Balearic Islands have also been considered as a breakpoint delimiting the distribution boundaries for Atlanto-Mediterranean fauna (Abelló et al. 2002) . In this study, significant differences were observed between the sample from the Balearic Islands (Mallorca) and the rest. However, the magnitude of differentiation was smaller between the Mediterranean samples than that of the Atlantic samples. These differences are originated by the BF that reduces the gene flow between these islands and other localities (i.e., Blanes and Italy) (Galarza et al. 2009 ). Although some passive dispersal could potentially occur between the islands and the mainland, levels of genetic exchange may be too low to prevent drift, perhaps allowing local adaptation and enhancing recruitment of locally produced larvae, as suggested by the relatively large F IS values found at this sampling site.
This study complements previous genetic studies performed on the red mullet across the eastern Mediterranean Sea (Mamuris et al. 1998a; Garoia et al. 2004) . Here, we provide data from a large fraction of the Mediterranean distribution of both mullets. More sampling is needed along the Mediterranean coast of Italy as well as from the North Atlantic and Mediterranean African coast to have representative samples from the complete distribution range of the species and elucidate management conservation strategies accordingly. However, to date, all red mullet studies coincide in the existence of different subpopulations or stocks across relatively small areas, an indication that effective dispersal is limited in this demersal species. Within the Mediterranean Sea, red mullet's genetic distribution resembles that of a metapopulation structure composed of largely independent, self-recruiting subpopulations, with some connections between them. Each of these subpopulations can have a different response to environmental variables and humaninduced activities (i.e., fishing pressure), and consequently, all should be monitored independently and considered as separate management units.
On the other hand, this is the first microsatellite-based study of striped red mullet populations. Our results coincide with the bulk of studies that have found a reduction of gene flow between the Atlantic Ocean and Mediterranean Sea for other demersal species. This is consistent with the current management policy for these species, in which Atlantic and Mediterranean stocks are considered separate stocks. Nonetheless, within the Mediterranean Sea, the genetically homogeneous populations from the Northwest Mediterranean ought to be considered as a shared stock between countries or regions for conservation management purposes, whereas populations originating from the Balearic Islands and Greece should be managed as regionally segregated populations that have little or no intermixing with their respective surrounding populations.
Overall, both species showed different genetic patterns, neither of which was similar to those of other commercially exploited demersal fish species in the area. These results can have relevant implications particularly for multispecies fisheries where each species has a different level of genetic structure. We show that the patterns of genetic distribution in the demersal environment can be substantially different even between closely related species with highly comparable ecologies. This indicates that marine biogeographical boundaries can affect in a different way species sharing many ecological features with spatial overlap. Furthermore, the delimitation of such boundaries could be largely influenced by fine differences in life history traits between species. This emphasizes the importance of understanding the basic biology of species that are fished simultaneously. A reasonable strategy would be to regulate multispecies fisheries according to the most finely grained structure found. However, in view of the international context of this fishery, this appears as a difficult task. Repeated sampling is needed to ensure temporal stability of the genetic differences observed. Nonetheless, the overall pattern of spatial variation in allelegenotype distribution is unlikely to change substantially between species based on the congruency of previous and current genetic evidence. More research is needed to obtain an accurate characterization of life history traits of both species, particularly during the juvenile-adult stages.
